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446Blood ﬂow dynamics in patients with hemodialysis
access-induced hand ischemia
Roel H. D. Vaes, MD,a Jan H. Tordoir, MD, PhD,b and Marc R. Scheltinga, MD, PhD,a Veldhoven and
Maastricht, The Netherlands
Objective:Hand ischemia may occur in the presence of a hemodialysis arteriovenous ﬁstula (AVF), but its pathophysiology
is partly unclear. The aim of this observational study was to investigate ﬂow characteristics of forearm arteries in patients
with a brachial artery-based AVF suffering from hemodialysis access-induced distal ischemia (HAIDI).
Methods: A questionnaire scored hand ischemia in patients with HAIDI scheduled for revisional surgery (no symptoms of
ischemia, 0 points; maximal ischemia, 500 points). Systolic index ﬁnger pressures (Pdig) and digital brachial index (DBI)
were determined with open and compressed AVF. Blood ﬂow direction and peak systolic velocity (PSV) were measured in
radial and ulnar arteries using Doppler ultrasonography. Age- and sex-matched hemodialysis patients without HAIDI
served as controls (CONT).
Results: Questionnaire scores were 258 ± 30 in patients with HAIDI (n [ 10) compared with 31 ± 16 in CONT
(n[ 10; P < .01). Pdig and DBI with open AVF were lower in the HAIDI group than the CONT group (Pdig 22 ± 10 vs
102 ± 10 mmHg; DBI 0.18 ± 0.08 vs 0.70 ± 0.04; both P < .01). Ulnar artery PSV was lower in HAIDI compared with
CONT patients (38 ± 4 vs 56 ± 3 cm/s; P < .01). Mean ulnar artery PSV was signiﬁcantly correlated to Pdig (r[ 0.87;
P < .01) in contrast to mean radial artery PSV (r[ 0.06; P[ .81). Ulnar artery blood ﬂow direction was always toward
the ischemic hand (n [ 20). However, blood ﬂow was reversed in just a short segment of the proximal radial artery in
one HAIDI patient but also in two CONT patients.
Conclusions: Hand ischemia in hemodialysis patients with a brachial artery-based AVF is not caused by a reversed blood
ﬂow direction in forearm arteries. However, forearm blood ﬂow is diminished in these patients leading to critically
reduced arterial pressures in the hand. (J Vasc Surg 2013;58:446-51.)Hemodialysis access-induced distal ischemia (HAIDI)
is a disabling complication in hemodialysis (HD) patients.
Up to 5% of dialysis patients require invasive treatment
for severe HAIDI, usually 1 to 2 years after arteriovenous
ﬁstula (AVF) creation.1 The typical risk patient is an elderly
diabetic female patient with a history of previous access
surgery presently having an autogenous brachial artery-
based (elbow) ﬁstula.2,3 HAIDI is probably caused by
the combined effect of progressively atherosclerotic arm
arteries, reduced remodelling of the AVF’s inﬂow artery,
and loss of blood pressure at the anastomosis.4-8 Some
are convinced that ‘steal,’ a reversal of blood ﬂow direction
in distal arteries, is crucial in the pathophysiology of hand
ischemia.9,10 Steal phenomena may occasionally be de-
tected in forearm arteries but not necessarily in concert
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The role of radial and ulnar arterial blood ﬂow charac-
teristics in relation to severe hand ischemia in the presence
of a brachiocephalic (BC) AVF is largely unknown. The
aim of this observational study was to determine forearm
artery blood ﬂow dynamics in patients with a BC AVF
scheduled for an invasive procedure because of type 2b-4
HAIDI.1 It was hypothesized that forearm blood ﬂow
was reduced in patients with hand ischemia compared
with HD patients not suffering from ischemia.
METHODS
Patient selection. The study was performed between
July 2010 and January 2012 in Máxima Medical Center
in Veldhoven, The Netherlands. Access ﬂow was deter-
mined every 2 months in each HD patient using a two-
needle dilution technique as suggested by Kidney Disease
Outcomes Quality Initiative (HD01; Transonic Systems
Inc, New York, NY). Patients were eligible for the study if
they harbored a BC AVF and if they were suffering from
HAIDI grade 2b-4b requiring invasive revision (HAIDI
group).3,12 Subjects were not eligible if they were referred
from another hospital or if mental capacity or Dutch
language skills were limited. Patients with a BC AVF but
not reporting hand ischemia were matched on the basis of
sex and age and served as controls (CONT group). The
selection and matching process was performed by one
investigator (R.V.) who was blinded to previous hemody-
namic studies. The study was performed according to the
Table I. Demographics of hemodialysis access-induced
distal ischemia (HAIDI) patients with and controls
(CONT) without ischemia
HAIDI
(n ¼ 10)
CONT
(n ¼ 10) P
Male/female 5/5 5/5 1.0
Age 78 (74-82) 74 (69-83) .5
Brachiocubital AVF 10 10
Time after AVF
construction, months
13 (4-46) 29 (12-54) .15
Access ﬂow volume,
mL/min
850
(530-1450)
785
(685-1290)
.83
Ischemia questionnaire
(score, 0-500)
275
(200-311)
13.5 (0-41.5) .01
Diabetes mellitus (yes/no) 4/6 5/5 1.0
Hypertension (yes/no) 6/4 4/6 .66
Peripheral arterial
obstructive disease
(yes/no)
8/2 2/8 .02
Grade of HAIDI (2b/3/4) 5/3/2
AVF, Arteriovenous ﬁstula.
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Medical Ethics Committee judged that study approval was
not required as the burden of a noninvasive Doppler
analysis in CONT was considered negligible. Doppler
analysis in HD patients is considered standard of care.
Informed oral and written consent was obtained from all
participants.
Study protocol. If patients reported symptoms
possibly associated with hand ischemia (pain, coldness,
loss of strength), they underwent a standard history and
physical examination. Hands were inspected for signs of
diminished perfusion, prolonged capillary reﬁll, or wounds.
An AVF compression test supported the diagnosis of
HAIDI if patients experienced improved skin perfusion
or if absent radial artery pulsations returned.3 Patients
were asked to respond to a published questionnaire that
quantiﬁes hand ischemia (HIQ, Hand Ischemic Ques-
tionnaire; Appendix, online only).3,11,13,14 A HIQ score
reﬂects severity and frequency of ﬁve cardinal symptoms
associated with hand ischemia (pain, cramps, coldness, loss
of strength, and diminished sensibility). HIQ scores range
from 0 (no symptoms associated with ischemia) to 500
(maximal symptoms). HIQ scores in a dialysis population
not suffering from hand ischemia were found to range from
35 to 50.3 Successful AVF revision in patients with HAIDI
reduced mean HIQ scores from 153 to 42.13
Systolic blood pressure was obtained from the contra-
lateral arm using a standard oscillatory technique (Aisys;
GE Medical, Hoevelaken, The Netherlands), whereas
plethysmography of the index ﬁnger of the dialysis hand
was performed with and without AVF compression using
a Doppler scanner (Vasoguard Nicolet 8 MHz; Scimet,
Bristol, UK). A <50 mm Hg systolic pressure (Pdig, in
mm Hg) and a <0.6 digital brachial index (DBI, Pdig
divided by the contralateral systolic blood pressure) are
accepted cut-off points for hand ischemia in the presence
of an AVF.14,15 Based on our personal experience, the lower
threshold for reliable ﬁnger pressure measurements is 30
mm Hg. As measurements in ﬁve patients with HAIDI
were below this cut-off point, their results were arbitrarily
set at 15 mm Hg. Patients were graded according to a pub-
lished 1-4 scale analogous to the Fontaine classiﬁcation
for peripheral arterial obstructive disease (Table I; see the
Appendix, online only, for HAIDI classiﬁcation).1,11
All study patients underwent peak systolic velocity
(PSV) and ﬂow direction measurements in three portions
of the ulnar and radial arteries (PSV, in cm/s; Toshiba
Aplio XG, Zoetermeer, The Netherlands). Measurements
were obtained approximately 2 cm distal to the AVF anas-
tomosis (PSVulna, rad 1), halfway down the lower arm
(PSVulna, rad 2), and some 2 cm proximal to the palmar
arch (PSVulna, rad 3). Mean PSVulna, rad was calculated as
the average PSV over all three segments. Mean PSVtotal
was calculated as the average PSV over all six segments in
both arteries. If history, physical examination, HIQ scores,
and Pdig strongly suggested HAIDI, a Seldinger angiog-
raphy through the femoral artery was advised to exclude
stenotic disease of the subclavian, axillary, and brachialarteries. Patients with HAIDI underwent the set of mea-
surements in the weeks prior to the invasive procedure,
whereas the CONT group was studied in April and
May 2012.
Statistical analysis. The 17.0 SPSS software version
was used for data collection and statistical analyses (SPSS
Inc, Chicago, Ill). Data was expressed as median (inter-
quartile range). Differences between groups were deter-
mined using the Mann-Whitney U test, Fisher exact test,
and one-way analysis of variance with a post-hoc Bonfer-
roni as indicated. Differences within groups were calcu-
lated with the Wilcoxon test. A Spearman correlation test
calculated correlations between Pdig and other variables. A
P value of <.05 was considered signiﬁcant.
RESULTS
During the 18-month study period, 17 patients sus-
pected of HAIDI were analyzed. As two patients did not
meet inclusion criteria (HAIDI type 2a, n ¼ 1; high ﬂow
access without ischemia, n ¼ 1), 15 patients were eligible
for the study. Five refused to participate (long distance
referral, n ¼ 3; AVF ligation after successful kidney trans-
plant, n ¼ 1; no interest, n ¼ 1). Therefore, the HAIDI
group consisted of 10 patients. The control group also con-
tained 10 patients. Demographics and most risk factors
were similar between groups (Table I). However, periph-
eral artery occlusive disease was more frequently observed
in the HAIDI group (P < .05).
The HAIDI group harbored a Gracz type BC AVF
(n ¼ 8), a basilic transposition (n ¼ 1), and a BC ﬁstula
(n ¼ 1). The CONT group also had a Gracz type BC
AVF (n ¼ 4), basilic transposition (n ¼ 4), and a BC ﬁstula
(n ¼ 2). A Gracz type ﬁstula is created by mobilizing the
median cubital vein or deep perforating branch that is
subsequently anastomosed to the brachial artery. Using
this technique, outﬂow is usually via both the upper arm
Table II. Finger pressures before and after arteriovenous
ﬁstula (AVF) compression in hemodialysis access-induced
distal ischemia (HAIDI) patients with and controls
(CONT) without ischemia
HAIDI
(n ¼ 10)
CONT
(n ¼10) P
Systolic blood
pressures, mm Hg
153 (125-162) 137 (119-153) .55
Pdig, open AVF 0 (0-44) 102 (71-116) .01
DBI, open AVF 0 (0-0.36) 0.69 (0.62-0.78) .01
Pdig, compressed AVF 90 (13-147) 126 (112-143) .12
DBI, compressed AVF 0.57 (0.10-1.06) 0.93 (0.83-1.05) .16
DBI, Digital brachial index; Pdig, systolic index ﬁnger pressure.
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patients suffered from type 2b HAIDI, whereas three had
type 3 HAIDI and two suffered from type 4 HAIDI.
The invasive procedures for HAIDI were diverse. Two
patients underwent angioplasty of the midportion of the
brachial artery. A third patient with an occluded subclavian
artery received a femoro-axillary bypass graft. Patient four
underwent AVF ligation in the presence of a well func-
tioning kidney transplant. Five additional patients under-
went side branch ligation, two of them combined with
a banding procedure. The tenth patient underwent a distal
revascularization procedure. Cut-off values that were used
for effective treatment were a digital pressure >50 mm
Hg and a digital brachial index >0.6.11
HIQ scores in the HAIDI group were higher compared
with the CONT group (HAIDI: 275 [200-311] vs CONT:
14 [0-42]; P < .01). Access ﬂows in both groups were not
different (HAIDI: 850 [530-1450] mL/min vs CONT:
785 [685-1290] mL/min; P ¼ .83) as were contralateral
systolic arm blood pressures (HAIDI: 153 [125-162] mm
Hg vs CONT: 137 [119-153] mm Hg; P ¼ .55).
Pdig of the dialysis hand was lower in the HAIDI group
compared with CONT (HAIDI: Pdig 0 [0-44] vs CONT:
102 [71-116] mm Hg; P < .01; HAIDI: DBI 0 [0-0.36]
vs 0.69 [0.62-0.78]; P < .01) (Table II). AVF compres-
sion resulted in improved Pdig and DBI in both HAIDI
(Pdig 0 [0-44] to 90 [13-147] mm Hg; P < .03; DBI
0 [0-0.36] to 0.57 [0.10-1.06]; P < .03) and CONT
(102 [71-116] to 126 [112-143] mm Hg; P < .01; DBI
0.69 [0.62-0.78] to 0.93 [0.83-1.05]; P < .01) (Table II).
Ulnar artery PSV was signiﬁcantly lower in patients with
HAIDI compared with values obtained in the CONT
group (Table III; Fig 1). PSV of the radial artery also
showed lower values in patients with HAIDI compared
with CONT patients but these differences were not statisti-
cally different (Fig 1; Table III). The mean total PSV was
signiﬁcantly higher in CONT patients compared with
patients with HAIDI (55 [48-67] vs 36 [26-49] cm/s;
P < .01) (Table III). Pdig was signiﬁcantly correlated
to mean PSVulna (r ¼ 0.87; P ¼ .01) and PSVulna 3
(r ¼ 0.82; P ¼ .01) but not to mean PSVrad (r ¼ 0.06;
P ¼ .81) or PSVrad 3 (r ¼ 0.29; P ¼ .26; Figs 2 and 3).
Angiographic results were available in nine of 10
patients with HAIDI. Angiography was not performed in
one patient who required AVF ligation after successful
kidney transplantation. An arterial inﬂow obstruction was
detected in three patients. Angioplasty of an occluded
subclavian artery in the ﬁrst patient was deemed hazardous,
and therefore he underwent a femoro-axillary bypass
surgery. Stenotic midportions of proximal brachial arteries
were successfully dilated in the second and third patient.
Angiography was normal in the remaining six patients.
One HAIDI patient had several open collaterals
bypassing the arteriovenous anastomosis (Fig 4). Interest-
ingly, this was the only HAIDI patient demonstrating
a steal phenomenon during both the systolic and diastolic
phase in a 2-3 cm portion of the radial artery just distal
to the anastomosis. Blood ﬂow direction in the remainingpart of this patient’s radial artery was antegrade (towards
the hand) during the entire cardiac cycle. Radial artery
blood ﬂow direction was antegrade in the remaining nine
patients with HAIDI. However, a steal phenomenon in
the proximal radial artery was also detected in two
CONT patients. Ulnar blood ﬂow direction was always
antegrade in all 20 study patients.
DISCUSSION
The aim of the present observational investigation was
to study forearm artery blood ﬂow dynamics in BC AVF
patients with severe hand ischemia scheduled for a revisional
procedure. It was found that systolic velocity (a parameter
reﬂecting ﬂow volume) of ulnar arteries is diminished in
patients with HAIDI. These ﬁndings are in line with recent
studies suggesting that ischemia is caused by locoregional
hypotension resulting from pressure loss because of
progressive arterial stiffening combined with turbulence
at the arteriovenous anastomosis.6-8,11 Although previous
studies implicated steal as the main cause for hand
ischemia, the present study observed a reversal of blood
ﬂow direction just once in 20 forearm arteries of 10
patients with severe HAIDI but also twice in 10 control
individuals not reporting hand ischemia.8,11 Therefore,
retrograde ﬂow in forearm arteries apparently does not
play a role in the pathophysiology of HAIDI. Abbrevia-
tions proposed to describe hand ischemia in the presence
of an AVF such as DASS (dialysis access steal syndrome)
and ISS (ischemic steal syndrome) therefore appear
incorrect.11,16
The present study sought to determine associations
between ultrasonographic and plethysmographic ﬁndings
in patients with HAIDI. The observation of a signiﬁcant
relationship between systolic blood pressures of the digits
and ulnar PSV but not with radial PSV raises questions.
Which of the two lower arm arteries (the interosseous
artery is usually neglected) dominates hand perfusion in
HD patients? Anatomic and physiological studies in
normals suggest that both ulnar and radial arteries are im-
portant for hand perfusion but exceptions are numerous.17
A decreased blood ﬂow in one artery usually induces a drop
in digital perfusion pressure leading to compensatory
Fig 1. Peak systolic velocity (PSV) in forearm arteries in dialysis
patients with hand ischemia and controls. HAIDI, Hemodialysis
access-induced distal ischemia; CONT, control.
Fig 2. Correlation (r ¼ 0.87; P ¼ .01) between mean ulnar artery
peak systolic velocity (PSV) and systolic index ﬁnger pressure (Pdig)
of study patients (hemodialysis access-induced distal ischemia
[HAIDI], n ¼ 9; control [CONT], n ¼ 10; data of one HAIDI
patient was missing). AVF, Arteriovenous ﬁstula.
Table III. Peak systolic velocity (PSV) (cm/s) in ulnar and radial artery in hemodialysis access-induced distal ischemia
(HAIDI) patients with and controls (CONT) without ischemia
Ulnar artery Radial artery
HAIDI CONT P HAIDI CONT P
PSVproximal 43 (31-56) 60 (53-93) .02 40 (23-58) 47 (43-84) .08
PSVhalfway 39 (20-44) 69 (52-83) .01 35 (24-57) 43 (36-51) .53
PSVdistal 43 (20-45) 66 (45-78) .01 35 (11-50) 49 (40-64) .11
PSVmean 43 (31-45) 64 (58-68) .01 31 (14-55) 49 (35-57) .29
PSVmean total 36 (26-49) 55 (48-67) .01
JOURNAL OF VASCULAR SURGERY
Volume 58, Number 2 Vaes et al 449increased ﬂows in the other.18 For example, radial artery
harvesting for coronary surgery evokes a compensatory
increase in ulnar artery ﬂow and diameter ensuring
adequate short- and long-term hand perfusion levels in
most cases.19-23 Interestingly, patients with digital ulcers
because of systemic sclerosis demonstrated reduced ulnar
artery blood ﬂows with normal radial artery ﬂows.24 These
data suggest that ulnar artery blood ﬂow may be more
important than radial artery blood ﬂow with respect to
hand perfusion in some patient populations. A signiﬁcant
correlation between ulnar PSV and digital pressure in the
current HD patients suggests that ulnar arteries dictate
hand perfusion. An explanation for this ulnar preponder-
ance is currently lacking. One may hypothesize that the
presence of a brachial artery-based AVF has a differential
effect on ulnar and radial artery blood ﬂow. Variations in
arterial anatomy may also offer a possible explanation as
some patients demonstrate a mid-upper arm radial artery
take-off. Alternatively, collateralization may occur more
easily in some vascular beds compared with others.Monitoring forearm artery ﬂow volumes with an open
and compressed AVF before and after revisional surgery
may shed light on some of these issues.
Surgical construction of an AVF for HD normally
induces physiological adaptation mechanisms facilitating
access maturation while adequate hand perfusion is main-
tained. After anastomosing, a decreased peripheral resis-
tance will lead to increased arterial ﬂow with subsequent
augmented wall shear stress inducing endothelial nitric-
oxide (NO) release. NO release is critical for vasodilatation,
inﬂow artery remodeling, and recruiting adjacent collaterals
bypassing the anastomosis.25 However, this response is
impaired in diabetic and uremic patients due to endothelial
dysfunction and consequent lower NO levels.26 Aging and
diabetes also reduce the formation of new collaterals as
a response to ischemia.27 Not surprisingly, the present
study found that Pdig (and DBI) with open AVF was signif-
icantly lower in the HAIDI group compared with CONT.
Temporary access compression only partially restored
digital perfusion in the HAIDI group compared with
Fig 4. Static image of dynamic angiography showing a brachio-
cephalic (BC) ﬁstula with inﬂow artery (brachial artery [A1]), ulnar
(A2) and radial artery (A3), distended cephalic outﬂow vein (V)
and arterial collaterals bypassing the anastomosis (C1-3). A steal
phenomenon was observed in the proximal portion of the radial
artery (S) reﬂecting proper collateral functioning. However, ﬂow
direction was antegrade in the remaining portion of the radial as
well as in the ulnar artery.
Fig 3. Correlation (r ¼ 0.06; P ¼ .81) between mean radial artery
peak systolic velocity (PSV) and systolic index ﬁnger pressure
(Pdig) (hemodialysis access-induced distal ischemia [HAIDI],
n ¼ 8, control [CONT] n ¼ 10, data of two HAIDI patient
were missing). AVF, Arteriovenous ﬁstula.
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irreversible consequences of vascular stiffening and stenoses
associated with peripheral arterial occlusive disease that was
signiﬁcantly more present in patients with HAIDI. These
data conﬁrm ﬁndings of earlier studies reporting on the
prominent role of diabetes, peripheral arterial occlusive
disease, and old age as the most important risk factors for
HAIDI.28
The present study has several limitations including
a small sample size and a limited number of obtainedDuplex
parameters. For instance, measurement of end diastolic
velocity, wall shear rate, and vessel diameters may possibly
have yielded additional information on the pathophysiolog-
ical consequences of HAIDI. Future studies will focus on
the short- and long-term effects of access revision on fore-
arm blood ﬂow dynamics in these patient populations.
In conclusion, lower arm blood ﬂow is diminished in
hemodialysis patients with hand ischemia in the presence
of a brachial artery-based AVF leading to critically reduced
arterial pressures in the hand. Hand ischemia is not caused
by a reversed blood ﬂow direction in forearm arteries in
these patients.
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451.e1 Vaes et al August 2013APPENDIX (online only)HAIDI grade 1
No clear symptoms but discrete signs of mild ischemia may be observed (slight cyanosis of nail beds, mild coldness of skin of hand, reduced
arterial pulsations at the wrist, reduced systolic ﬁnger pressures). Conservative treatment may be indicated.
HAIDI grade 2a
Complaints during dialysis sessions or intense use of the hand: tolerable pain, cramps, paresthesias, numbness or disturbing coldness in
ﬁngers or hand. Conservative treatment is indicated.
HAIDI grade 2b
Complaints during dialysis sessions or use of the hand: intolerable pain, cramps, paresthesias, numbness or disturbing coldness in ﬁngers or
hand. A combined treatment including conservative and invasive treatment (endovascular or surgical) is indicated.
HAIDI grade 3
Rest pain or motoric dysfunction of ﬁngers or hand. Urgent invasive treatment supported by conservative measures is indicated.
HAIDI grade 4a
Limited tissue loss (ulceration, necrosis). Clinically signiﬁcant hand function is probably maintained if ischemia is reversed. Urgent invasive
treatment supported by conservative measures is indicated.
HAIDI grade 4b
Irreversible tissue loss of the hand or proximal parts of the extremity. Impossibility to preserve clinically signiﬁcant hand function.
Amputation is required.Hand Ischemic Questionnaire
A. General information
1. Name, age, sex
2. Type of ﬁstula
3. Date of (last) operation
4. Side
5. Left or right dominance
B. Speciﬁc information
Cold sensations
1. Do you experience cold sensations in the ﬁstula
arm/hand (if not, go to question 6)?
2. Which location (lower arm/wrist/hand/ﬁngers)?
3. Which ﬁnger(s)?
4. Severity of cold sensation (0 ¼ no cold sensation,
10 ¼ freezing cold).
5. Frequency of cold sensation (0¼ never, 10¼ always).
Minimal ¼ 0, Max ¼ 10 (severity)  10
(frequency) ¼ 100 points for cold sensation
Pain
6. Do you feel pain in the ﬁstula arm/hand (if not,
go to question 11)?
7. Which location (lower arm/wrist/hand/ﬁngers)?
8. Which ﬁnger(s)?
9. Severity of pain (0 ¼ no pain,10 ¼ unbearable).
10. Frequency of pain (0 ¼ never, 10 ¼ always).
Minimal¼ 0,Max¼ 10 10¼ 100 points for pain
Sensibility
11. Is diminished or altered sensibility present in the
ﬁstula arm/hand (if not, go to question 14)?12. Severity of diminished sensibility (0 ¼ normal
sensation, 10 ¼ total numbness).
13. Frequency of diminished sensibility (0 ¼ never,
10 ¼ always).
Minimal ¼ 0, Max ¼ 10  10 ¼ 100 points for
altered sensibility
Strength
14. Do you experience diminished strength in the
ﬁstula arm/hand (if not, go to question 17)?
15. Severity of diminished strength (0 ¼ normal
strength, 10 ¼ total weakness).
16. Frequency of diminished strength (0 ¼ never,
10 ¼ always).
Minimal ¼ 0, Max ¼ 10  10 ¼ 100 points for
strength
Cramps
17. Do you suffer from cramps in the ﬁstula arm/
hand (if not, go to question 20)?
18. Severity of cramps (0 ¼ no cramps, 10 ¼ spasms).
19. Frequency of cramps (0 ¼ never, 10 ¼ always).
Minimal ¼ 0, Max ¼ 10  10 ¼ 100 points for
cramps
Maximal Hand Ischemic Score ¼ 500 points
20. Did you notice pallor in the ﬁstula arm/hand:
yes/no?
21. Did you observe changes in nail appearance in the
ﬁstula hand: yes/no?
22. Do you have diminished growth of hair in the
ﬁstula arm/hand: yes/no?
23. Do you suffer from ulcers in the ﬁstula arm/hand:
yes/no?
